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Considerable media attention has been devoted to the increase in cash holdings of U.S. firms. For instance, a recent article in the Wall Street Journal states that "The piles of cash and stockpile of repurchased shares at [big U.S. companies] have hit record levels". 1 In this paper, we investigate how the cash holdings of American firms have evolved since 1980 and whether existing models of cash holdings help explain this evolution. We find that there is a secular increase in the cash holdings of the typical firm from 1980-2004. In a regression of the average cash-to-assets ratio on a constant and time, time has a significantly positive coefficient implying that the average cash to assets ratio (the cash ratio) has increased by 0.45% per year. Another way to see this evolution is that the average cash ratio more than doubles over our sample period, from 10.48% in 1980 to 24.03% in 2004. This increase in cash holdings is paradoxical. We would expect improvements in financial technology to reduce cash holdings. For example, firms can hedge more effectively as more types of derivatives become available, so the precautionary demand for cash should fall. We would also expect information technology developments to have made it easier for firms to forecast their cash needs and to keep track of their liquid assets.
The increase in cash holdings that we document has dramatic implications for leverage if cash is netted out of debt when computing leverage. Much of the finance literature uses the ratio of debt to assets or debt to equity to measure leverage. Using these popular definitions of leverage, there is little evidence of a decrease in leverage for the firms in our sample. However, the net debt ratio (debt minus cash, divided by assets) exhibits a sharp secular decrease and most of this decrease in net debt is explained by the increase in cash holdings. The fall in net debt is so dramatic that average net debt for U.S. firms is negative in 2004. In other words, on average, firms could have paid off their debt with their cash holdings.
After documenting the increase in cash holdings and decrease in net debt, we investigate why the increase in cash holdings has occurred. Much attention has been paid to the cash hoards (in excess of $30 billion in mid-2006) of large firms like Microsoft and Exxon. 2 We find that the increase in the average cash-to-assets ratio (the cash ratio) is not explained by the evolution of cash holdings for large firms or in recent years. While large firms have experienced a substantial recent cash buildup, the average cash ratio has a significantly positive time trend for all size quintiles. Recently, Foley, Hartzell, Titman, and Twite (2007) show that one reason for the cash buildup is that U.S. firms had profits trapped abroad that would have been taxed had they been repatriated. Assuredly, tax laws made it advantageous for multinational firms to accumulate liquid assets abroad rather than repatriate profits. However, in our sample, we find that firms with no foreign taxable income also experience a secular increase in the cash-to-assets ratio.
The increase in cash holdings is closely related to the disappearing dividends and new listings phenomena documented by French (2001, 2004) . While there is a clear time trend in cash holdings and in net debt for firms that do not pay dividends, there is no time trend in these variables for dividend payers. In other words, average cash holdings of established stable firms barely increase over our sample period, and newly listed firms tend not to pay dividends. For firms that do not pay a regular dividend, the mean cash ratio more than doubles from 1980 to 2004 and the median more than triples from 1980 to 2004. Over the same period, the average net debt ratio for non-dividend payers falls from 19.32% to -4.51% and the median ratio from 21.44% to -6.18%. To evaluate whether the increase in cash holdings is due to a change in the composition of listed firms, we sort the firms in our sample into discrete cohorts based on their listing year. We then track the cash holdings for the average firm in each cohort beginning six years after their listing (to give them time to use the cash raised in the IPO). Our results suggest that the average cash ratios for cohorts listing later in the sample is higher than the average cash ratio for cohorts with an IPO earlier in the sample period. We therefore infer that a portion of the increase in cash holdings can be explained by changes in the composition of firms listed in U.S. markets.
To understand why cash holdings increase, we follow two separate approaches. Both approaches start from the equation estimated in Opler, Pinkowitz, Stulz, and Williamson (1999) (henceforth OPSW) to explain cash holdings. With the first approach, we investigate whether allowing for changes in the intercept and slopes of the estimated regression for the 1990s and 2000s is helpful in explaining the crosssection of cash holdings. Though there is evidence of changes in slopes and intercepts, we find that the regression which does not allow for changes in slopes and intercepts explains roughly as much of the cross-section of cash holdings as a regression that allows for such changes. While OPSW do not take into account recent capital raising as a predictor of cash holdings, we do so and find that doing so increases the adjusted R-square of the regression by about 4%. With this approach, there is no evidence of an increase in the demand for cash by corporations that is not captured by existing models of the demand for cash.
With our second approach, we estimate the OPSW model for the 1980s and use it to predict cash holdings in the 1990s and the 2000s. Strikingly, there is no evidence for the sample as a whole that firms hold abnormal amounts of cash in [2001] [2002] [2003] [2004] The paper proceeds as follows. In the next section, we briefly review the theoretical determinants of cash holdings and the existing evidence. We then describe how our sample is constructed in Section II and show that there is a secular trend in cash holdings and net debt for our sample. In Section III, we examine subsamples to understand whether this trend is driven by certain types of firms. In Section IV,
we estimate the OPSW model, allowing for changes in slopes and intercepts for the 1990s and 2000s and taking into account fund-raising and acquisition activities. In Section V, we estimate the model of cash holdings for the 1980s and use it to identify the changes in firm characteristics that explain the increase in cash holdings. We conclude in Section VI.
I. Why firms hold cash
The economics and finance literature have identified four motives for firms to hold cash. We review the theory and evidence on these motives briefly:
a) The transaction motive. Classic models in finance (e.g., Baumol, 1952, Miller and Orr, 1966) derive the optimal demand for cash when a firm incurs transaction costs associated with converting a non-cash financial asset into cash and uses cash for payments.
Since there are economies of scale with the transactions motive, large firms hold less cash.
There is much evidence supporting the existence of these economies of scale (see, for instance, Mulligan, 1997) .
b)
The precautionary motive. Firms hold cash to be in a better position to cope with adverse shocks when access to capital markets is costly. Consistent with this perspective, OPSW find that firms with riskier cash flows and poor access to external capital hold more cash. The precautionary motive also suggests that firms with better investment opportunities hold more cash because adverse shocks and financial distress are more costly for them.
OPSW also find support for this prediction using market-to-book and R&D spending as proxies for investment opportunities. Almeida, Campello, and Weisbach (2004) c) The tax motive. Foley, Hartzell, Titman, and Twite (2007) find that U.S.
corporations that would incur a tax consequence associated with repatriating foreign earnings hold higher levels of cash. This is particularly true for affiliates where the implied tax consequences of repatriation are the highest. Consequently, multinational firms are more likely to accumulate cash.
d) The agency motive. As argued by Jensen (1986) , entrenched managers would rather retain cash than increase payouts to shareholders when the firm has poor investment opportunities. These discretionary cash holdings are typically estimated as the excess or residual cash holdings derived from models controlling for the transactions costs and precautionary motives for holding cash balances. Numerous recent studies find evidence consistent with this motive. Dittmar, Mahrt-Smith, and Servaes (2003) find cross-country evidence suggesting that firms hold more cash in countries with greater agency problems. Dittmar and Mahrt-Smith (2006) and Pinkowitz, Stulz, and Williamson (2006) show that cash is worth less when agency problems between insiders and outside shareholders are greater. Dittmar and Mahrt-Smith (2006) and Harford, Mansi, and Maxwell (2006) provide evidence suggesting that entrenched managers are more likely to build excess cash balances, but spend excess cash quickly.
These four motives for holding cash have different implications for the causes and consequences of the secular increase in cash that we document for U.S. firms. We expect that firms and financial intermediaries have become more efficient in handling transactions, reducing the transactions-based requirements for cash holdings. The growth in derivatives markets and improvements in forecasting and control suggest that everything else equal, the precautionary motive would also require lower cash holdings. However, it is well-known that there has been a secular increase in idiosyncratic risk (Campbell, Lettau, Malkiel, and Xu, 2001 ). Irvine and Pontiff (2005) show that the increase in idiosyncratic risk mirrors an increase in cash flow volatility. Such an increase is consistent with an increase in the volatility of unhedgeable risks and hence the precautionary motive would suggest greater cash holdings. Further, as shown in Fama and French (2004) , the composition of firms has changed because of an influx of newly listed firms with weaker track records. Brown and Kapadia (2006) demonstrate that newly listed firms also have permanently higher idiosyncratic risk, so that the market-wide increase in idiosyncratic risk is due to a change in the composition of listed firms over time. These firms would be more concerned about being financially constrained and hence would hold more cash. Given these conclusions, we expect cash holdings to be higher for newly public firms, and for firms that go public later in the sample.
As discussed in Foley et al. (2007) , over our sample period U.S. multinationals elected to defer the taxes associated with repatriated foreign earnings, suggesting that firms with foreign operating subsidiaries are more likely to hold higher cash balances throughout the sample period. The 2004 Job
Creation Act allowed firms to repatriate these foreign cash balances in 2003 and 2004 at a substantially lower marginal rate. We use firms with positive foreign pre-tax income to identify firms for which avoidance of taxation on foreign income might lead to higher cash holdings.
For the increase in the average cash ratio to be explained by Jensen's (1986) free cash flow theory, firms generating free cash flow would have to face little pressure to pay out accumulated cash holdings.
These cash holdings cannot be explained by transaction, precautionary, or tax motives that would otherwise make holding cash balances optimal for a firm's equity holders, but rather reflect management's predilection to hold discretionary cash balances. The use and value of excess cash holdings have been explored extensively in the literature. We explore the characteristics of excess cash holdings over time to determine whether U.S. managers have become more entrenched and better able to hoard discretionary cash flows. In particular, for agency theory to explain the increase in cash holdings, we would expect firms with excess cash to experience a greater growth rate in cash holdings.
II. The increase in cash holdings and the decrease in net debt
We construct our sample from the Compustat annual industrial files on the WRDS database for the period 1980-2004. These data include surviving and non-surviving firms that appeared on Compustat at any time in the sample period. We require that the firms have positive assets (data item #6) and positive sales (data item #12) to be included in a given year. We exclude financial firms (SIC codes between 6000 and 6999), because they may carry cash to meet capital requirements rather than for the economic reasons studied here. We also exclude utilities (SIC codes between 4900 and 4999) because their cash holdings can be subject to regulatory supervision in a number of states. Finally, we restrict our sample to firms that are incorporated in the U.S.
The second column of Table 1 reports the number of firms for each sample year. We see that the number of firms follows an inverted U shape and peaks in 1997. We measure liquid asset holdings as the ratio of cash and marketable securities (data item #1) to total assets (data item #6). 3 The third column of In a typical year, the average cash ratio increases. To verify that there is a secular increase in the cash ratio, we estimate regressions of the cash ratio on a constant and time measured in years. The coefficient on the time trend for the average cash ratio corresponds to a yearly increase of 0.45% and has a p-value below 0.01. The R-square of the regression is 86%. For the median, the slope coefficient represents a 0.23% yearly increase, but it also has a p-value below 0.01. The R-square is 55%. This evidence is consistent with a positive time trend in cash holdings.
We now turn to the implications of this increase in the cash ratio for the measurement of leverage.
Column five of When we consider the average net debt ratio, which nets cash from debt and is shown in column seven, we obtain a dramatically different perspective regarding the time trend in leverage for U.S. firms. The net debt ratio is 16.45% in 1980. It falls during fourteen years and reaches -1.48% in 2004. In a regression of the average net debt ratio on a constant and time, the coefficient on time represents a decrease of -0.56%
per year and has a p-value of less than 0.01. The last column of the table shows the median net debt ratio.
This ratio also falls from 17.84% to -0.30% over the sample period.
III. How pervasive is the increase in cash holdings?
The evidence summarized in Section II illustrates a secular increase in the average cash ratio and a corresponding decrease in net debt. It is also clear from the data that the decrease in net debt occurs because firms hold more cash rather than because they have less debt. The financial press has recently focused on the hoards of cash held by the largest U.S. firms. It is possible that the increase in cash holdings is due primarily to the increase in cash of large firms in recent years. To examine this possibility, we divide the sample firms each year into quintiles according to the book value of their assets at the end of the prior year. The results are similar if we use the market value of equity. Table 2a and Figure 1 illustrate the average cash ratios for the firm size quintiles over our sample period. The average cash ratio increases across all firm size quintiles, but the increase is more pronounced for smaller firms. The increase in the average cash ratio for the largest firms is especially strong in the later years of our sample. From 1980 to 2004, average cash holdings more than double for the second and third quintiles and almost double for all other quintiles. Our earlier finding of a time trend for the average cash ratio holds for each size quintile. Each average cash ratio is computed across at least 700 firms, so outliers cannot have much of an impact. The median cash ratio, however, is lower than the average cash ratio and the distribution of cash ratios appears skewed to the right. Though not reproduced in Table 2a , the medians also increase through time across all size quintiles. However, the time trend is not significant for the medians for the two largest size quintiles. Given this evidence we conclude that the secular increase in cash ratios is not driven by the largest firms in our sample, but instead is more pronounced in smaller firms.
The recent increase in cash holdings that the financial press has focused on is most visible when we compare S&P 500 firms to the other firms in the sample (not reported). From this perspective, the increase in cash holdings of the S&P 500 firms since 1998 is dramatic since their average cash ratio doubles from 1998 to 2004. The change in the median cash ratio for these firms is even more dramatic. In 1998, the median cash ratio of S&P 500 firms is 2.79%. This ratio increases to 9.93% in 2004, so that it more than triples from 1998 to 2004. During that period, the median net debt ratio falls from 20.73% to 8.90%.
The 1990s witnessed numerous IPOs. Recent IPO firms could have more cash because of the IPO and because they often issue equity in a seasoned offering within years of the IPO. In columns 2 and 3 of Table 2b , we report average cash ratios for firms that, respectively, did and did not have an IPO within five years. The average cash ratio more than doubles for the non-IPO firms during our sample period from 9.94% to 21.69% and nearly doubles for the IPO firms from 21.07% to 40.25%. Though we do not reproduce the medians, the median cash ratio for IPO firms triples over our sample period. When we estimate the time trend, it is significant for the average and the median for both groups of firms. Given this evidence we conclude that the increase in cash holdings is not due exclusively to the capital raising activities of the IPO firms in our sample.
We turn next to the role of dividends. Fama and French (2001) show that firms have become less likely to pay dividends. In the last two columns of Table 2b we reproduce the time series of the average cash ratio for regular dividend payers and non-dividend payers. The average cash ratio of dividend payers in year t is the average cash ratio of firms that pay a dividend that year. There is a dramatic increase in the cash ratio among the non-dividend payers, but no evidence of a time trend for the dividend payers. The evidence that non-dividend paying firms increase their cash ratio more than dividend paying firms is consistent with the evidence in Brown and Kapadia (2006) that the idiosyncratic risk of newly listed firms, which are less likely to pay dividends, has increased over time. We investigate this possibility directly by examining whether firms that recently went public have higher cash ratios.
Following Brown and Kapadia, we construct cohorts of firms according to their listing date. The 1960s cohort includes all firms that have a listing prior to 1970. The 1970s cohort includes all firms that list from 1970 to 1975. We continue in this manner, constructing cohorts of firms that list within a five-year period. We then track the cash holdings of cohorts from the sixth year following the listing year, to ensure that the cash accumulated at the IPO has been used. Figure 2 summarizes the average cash ratios of our cohorts. First, each successive cohort has a higher average cash ratio (except for the 1990 cohort in one year). Second, while cash ratios of pre-1980 cohorts first decrease before experiencing a sharp increase at the end of the sample period, the cash ratios of the other cohorts mostly increase, although they also experience a sharp increase at the end of the sample period. The figure illustrates that the later cohorts do not see a reduction in cash ratios as they mature, so that they hold more cash than firms in earlier cohorts at the same stage of their lifecycle. Thus, while the increase in cash holdings is not being driven by the capital raising activities of IPO firms per se, the increase in cash holdings can be attributed to the changing nature of newly listed firms over time. This result is the cash ratio counterpart of the disappearing dividends result of Fama and French (2001) .
During the 1990s, an increasing proportion of newly public firms came from high tech industries. If technology firms are more reliant on precautionary cash holdings, then it is possible that the above results are due specifically to an increase in the proportion of high technology firms in our sample. We use the definitions in Loughran and Ritter (2004) to categorize technology firms, and define "old-economy" manufacturing firms as firms with SIC codes 2000-3999 that are not high technology firms. In 1980, the proportion of firms classified as high tech relative to manufacturing firms was 28%. By 2000 this proportion had increased to 45%. We find that in every year of our sample the average cash ratio of high tech firms is higher than the average cash ratio of other manufacturing firms. In the first five years (i.e., 1980-1984) , the average cash ratio of high tech firms exceeds the average cash ratio of other manufacturing firms by 54%; in the last five years, it does so by 60%. Throughout the sample period, the cash ratios of both types of firms increase. The average cash ratio increases only slightly more for high tech firms than for other manufacturing firms -from the first five years to the last five years, the increase in the average cash ratio is 88% for high tech firms and 80% for other manufacturing firms. There is a significant positive time trend for the average and median cash ratios for both groups of firms and both groups exhibit a negative trend in net leverage. Consequently, while the increase in cash holdings and the decrease in net leverage can be ascribed to a change in the composition of listed firms over time, this effect cannot be attributed specifically to an increase in the proportion of technology firms in our sample.
Another possible explanation for the increase in the cash ratio is that economic growth was high in the 1990s, so that firms were less likely to be economically distressed and hence were less likely to have to use up their cash reserves. Firms with negative net income are more likely to be financially constrained than firms with positive net income. Almeida, Campello, and Weisbach (2004) show that financially constrained firms hold more cash. Using negative net income as a proxy for financial constraint, we split the sample into firms with negative net income and other firms. We report average cash ratios for these subsamples in columns 4 and 5 of Table 2b . The firms with negative net income have a dramatic increase in cash holdings. Over the sample period, the average cash ratio of these firms almost triples while the median cash ratio (not reported) almost quadruples. Firms with positive net income also exhibit an increase in cash holdings, but the time trend is markedly lower and only significant for the average cash holdings.
Finally, Foley et al. (2007) point out that over our sample period multinationals benefited from retaining the cash they earned abroad given that repatriation of foreign earnings would often result in a negative tax consequence. At the end of our sample period, firms were allowed to repatriate cash held in foreign countries at a lower tax rate. We use positive foreign pre-tax income to identify firms for which avoidance of taxation on foreign income might lead to higher cash holdings. There is no evidence that cash holdings increase more for firms with foreign taxable income in our sample period.
The agency explanation for the increase in cash holdings would predict that cash holdings should increase for firms with high free cash flow. Our evidence on the changes in cash holdings for subsamples of firms is largely inconsistent with the agency explanation. In particular, we find that the increase in cash holdings is greater for firms that are financially constrained, as proxied by negative net income, than for other firms. Further, one would expect older, larger, more established firms to be more likely to have agency problems of free cash flow that could lead to an increase in cash holdings. However, our evidence is that the increase in cash holdings is much more significant for smaller and recently listed firms.
IV. Did the demand function for cash holdings change?
In this section, we investigate whether the increase in the average cash ratio can be explained by firm characteristics and whether the relation between various firm characteristics and the cash ratio changes over time. For this examination, we start from the regression in OPSW that relates the cash ratio to firm characteristics. Data requirements limit the size of the sample. For example, the unrestricted sample has 3,693 observations in 2004, compared to 3,218 observations in the sample with sufficient data to estimate the OPSW regressions. The sample that meets the data requirements has an average increase in the cash ratio of 120.72% over the sample period, close to the increase of 129.29% for the unrestricted sample.
The firm characteristics modeled in the regression are motivated by the transaction and precautionary motives for corporate cash holdings discussed in Section I. We incorporate the ratio of a firm's acquisition expense to assets as an additional variable in the model since acquisitions and capital expenditures would seem to be substitutes.
The variables used are as follows: a) Market-to-book ratio. Firms with better investment opportunities value cash more since it is more costly for these firms to be financially constrained. We use the book value of assets minus the book value of equity plus the market value of equity as the numerator of the ratio and the book value of the assets as the denominator. It is important to note that activities that consume cash, such as capital expenditures and acquisitions, would have no impact on a firm's cash holdings if the firm could replenish its cash holdings immediately to stay at an optimum. Given capital constraints, one would not expect firms to always be at the long-run optimum, so that activities that consume cash will, everything else equal, have an adverse effect on cash holdings.
We report our regression results in Table 3 . Our standard errors allow for clustering by firm and by year. Model 1 of Table 3 shows the estimates for the regression using all sample years. Given our data restrictions, the panel consists of 94,699 firm-year observations for 12,441 unique firms. We do not use dummy variables for years or for industries in this regression. As in OPSW, market-to-book and cash flow risk have consistently positive coefficients across our specifications. The sign and significance of our coefficients on size, net working capital, leverage, R&D, and the dividend dummy are also similar to those documented in OPSW. We also find that capital and acquisition expenditures are associated with negative and significant coefficients.
In unreported results, we estimate the regression using a different dependent variable, namely cash divided by assets minus cash. This measure is the one that OPSW use. This measure generates extreme outliers for firms with almost no assets but cash. Foley et al. (2007) use the logarithm of this measure, which reduces the magnitude of this problem but does not eliminate it in our sample, which includes smaller firms with assets less than $100 million. If we use this measure, the regression coefficients are qualitatively the same but the coefficients are much larger.
We also perform several robustness checks. We estimate the regression to allow for macroeconomic conditions to affect the demand for cash. First, we include yearly dummies. Second, we include a shortterm interest rate. The short-term interest rate is never significant. The yearly dummies have no impact on the regression coefficients we examine. We do not report the regression with yearly dummies because we allow for changes in the intercept in the regressions we discuss next. Finally, we use an alternative measure of cash flow risk, estimating cash flow volatility over five years of data instead of ten. The results do not change with this alternate measure.
To investigate whether there is a regime change in the 1990s or the 2000s for the demand for cash, we estimate the regression in Model 2 of Table 3 , allowing for changes in the intercept for the 1990s or the 2000s. We add two indicator variables to the regression: the first indicator variable equals one for years 1990 and after; the second indicator variable equals one for years 2000 and after. Consequently, the indicator variable for the 2000s tells us how the intercept for these years differs from the intercept for the 1990s. If the cash ratio increases for reasons not captured by the estimated model for cash demand, we would expect these indicator variables to have positive and significant coefficients. We find that the estimates of the indicator variables are significantly negative, indicating a decrease of 2.78% for the 1990s and of 0.86% for the 2000s. Consequently, the regression implies that firm characteristics explain the increase in the cash ratio in the 2000s.
It is possible that the intercepts do not change over time but that the slopes do. This would be the case if the influence of firm characteristics on the cash ratio changes over time. We examine this possibility in Model 3 of Table 3 , which allows the slopes to differ by decade. The most striking result is perhaps that allowing the slopes and intercepts to differ by decade has no impact on the adjusted R-square. It is true that some of the interactions are significant. In particular, the coefficient on cash flow risk is much higher in the 1990s and 2000s, as is the coefficient on size. Interestingly, by the 2000s, the traditional negative relation between cash holdings and size is not significant. The coefficient on acquisitions is much lower in the 1990s and 2000s and so is the coefficient on dividends.
In the last regression, we modify the model to account for equity issues and debt issues as well as proximity to an IPO. We define net debt issuance as debt issuance (data item #111) minus debt retirement (data item #114), divided by book assets. Likewise, net equity issuance is calculated as equity sales (data item #108) minus equity purchases (data item #115), divided by book assets. Since Section III shows that firms reporting a loss have more cash, we also add a dummy variable for firms reporting a loss. Finally, we add dummy variables for firms' two-digit industry SIC code. Adding these variables increases the adjusted R-square by roughly five percent. As expected, IPO firms hold more cash, but the cash ratio falls as the IPO gets more distant. 4 We would expect firms that issue more equity or more debt to have more cash. This is true, but not in the 2000s. However, taking into account these additional variables has no meaningful impact on the intercepts for the 1990s and 2000s. These intercepts stay negative and significant.
There are several important lessons from the regressions of Table 3 . First, allowing for time variation in the coefficients adds little to the explanatory power of the regressions. Second, the negative relation between cash holdings and firm size breaks down in the 2000s. Third, had firm characteristics remained constant, firms would hold less cash. Apparently, the reason firms hold more cash is that their characteristics change in a way that makes it optimal for them to hold more cash. This latter evidence is inconsistent with the view that there was a regime shift in cash holdings.
Though we do not report the results in a table, we perform two additional experiments. First, we estimate the first regression of Table 3 cross-sectionally for each year. This approach confirms the results of the regressions we reproduce in the table. In particular, the intercept of the regression falls over time.
Interestingly, the explanatory variables explain more of the cross-sectional distribution of cash holdings in recent years. The evolution of two coefficients is particularly interesting. First, the cash flow risk coefficient tends to be insignificant in the early years of the sample. Second, the firm size coefficient becomes significantly positive in 2000. The latter result most likely reflects the increase in cash holdings of large firms starting in 2000. Second, we estimate the regression using changes instead of levels, allowing for the intercepts to differ in the 1990s and in the 2000s. We find that the intercept for the 1990s
is not significantly different from the intercept for the 1980s, so that the increase in cash holdings in the 
V. Why did the cash ratio increase?
Section IV shows that changes in firm characteristics are the major reason cash holdings increase. In this section, we attempt to attribute the increase in cash holdings to specific changes in firm characteristics. To do so, we proceed in three steps. First, we estimate the modified OPSW model for the Table 3 .
Column 2 of Table 4 reports the predicted cash ratios for the whole sample. The difference between the actual and predicted cash ratios is in column 3 and the t-statistic for the difference is in column 4.
The actual average cash ratio is not reproduced but is equal to the sum of columns 2 and 3. For example, in 2004, the difference between the predicted and actual cash ratios is half a percent, but is not significantly different from zero. Remarkably, all differences that are statistically significant indicate that the model predicts a higher cash ratio than the actual cash ratio over the sample period. The regression model does a better job of predicting the cash ratio late in the post-estimation period with deviations occurring not for the high cash ratios of the last few years but for the low cash ratios of the early 1990s.
The early years include a recession, but so do the early 2000s when the model underpredicts the average cash ratio.
The fact that a model estimated for the 1980s overpredicts cash holdings in the 2000s is inconsistent with an agency explanation for the increase in cash holdings if the model accurately describes optimal cash holdings by firms. In particular, measured using the model estimated for the 1980s as a benchmark, excess cash holdings would be low in the 2000s -i.e., their average would be negative. With the agency explanation, the opposite would have to be true.
In the next three columns of Table 4 , we focus on firms in the S&P 500 index that meet our data Column 8 of Table 4 shows the predicted average cash ratio for dividend payers. The model predicts an increase in the average cash ratio of 47.66% from 1990 to 2004 for non-dividend payers, but an increase of only 31.87% for dividend payers. In fact, however, the actual increase in the ratio for dividend payers is even smaller, so that dividend payers hold less cash than predicted. When we turn to nondividend payers, we see that the errors of the model are typically small and insignificant.
Though we do not report the results in the table, we also compare the predicted cash ratio to the actual cash ratio for high tech firms and for all other firms. Except for 1990 and 1991, the model underpredicts cash holdings by high tech firms. Over the last five years of the sample period, the underprediction averages 4.53% of assets. Consequently, the model overpredicts the cash holdings of the other firms.
Over the last five years, the average overprediction is 1.92% of assets. inventories is more dramatic when we look at the median (not reported) since the median averages 18.33% in the 1980s, but only 7.47% in the 2000s. In addition to the decrease in inventories, a decrease in accounts receivable also contributes substantially to the fall in net working capital. In the 1980s, accounts receivable averages to 20.33%. In contrast, in the 2000s, the average of accounts receivable for the whole sample is 15.07%.
We turn next to the question of why the average predicted cash ratio grew more for some firms than others. The third and fourth columns of Table 5 decompose the change in the predicted cash ratio for S&P 500 firms and non-S&P 500 firms. For this decomposition, we use the change in the determinants of the cash ratio for the subsample we consider. For instance, when we attribute the change in the predicted cash ratio for S&P 500 firms, we consider the impact on the predicted cash ratio of the change in the average value of the explanatory variables in the OPSW model from the 1980s to 2000-2004 for these firms. The fifth column of Table 5 decomposes the difference in the change in the predicted cash ratio between the S&P 500 firms and the non-S&P 500 firms. Considering first the non-S&P 500 firms, we see that the change in net working capital and the change in cash flow risk together explain an increase in the cash ratio corresponding to almost 5%. The only other variable that has a contribution in excess of 1% is the change in capital expenditures. When we turn to the S&P 500 firms, the same three variables are important, but their contribution is slightly less than for the non-S&P 500 firms. From the average of the 1980s to the average of the 2000s, the difference in the increase in the predicted cash ratio between non-S&P 500 and S&P 500 firms is 1.66%. As seen from the decomposition of this difference, the two largest components in absolute value are leverage and R&D. In the OPSW regression, the cash ratio falls with leverage and increases with R&D. Leverage falls slightly for the non-S&P 500 firms but stays roughly constant for the S&P 500 firms. More strikingly, R&D increases much more for non-S&P 500 firms than for the S&P 500 firms.
The last three columns of Table 5 illustrate the determinants of changes in predicted cash holdings for dividend-payers and non-dividend-payers. We consider first the decomposition for the non-dividend payers. We see that the increase in cash flow risk and the decrease in net working capital explain a 2.14% and 2.20% increase in the cash ratio, respectively. Further, a leverage decrease, a decrease in capital expenditures, and an increase in R&D together explain roughly a 4% increase in the cash ratio. When we turn to dividend payers, the contribution of the decrease in net working capital and of the increase in cash flow risk stands out. The leverage of non-dividend payers decreased relative to the leverage of the dividend payers. This differential evolution explains an increase in the cash ratio of non-dividend payers compared to the cash ratio of dividend payers of 1.97%. R&D expenses increased more for non-dividend payers which explains a differential of 0.99% in the cash flow ratio change. Finally, the cash flow risk of dividend payers increased less than the cash flow risk of non-dividend payers.
The evidence presented is consistent with an explanation for the change in cash holdings that relies on the precautionary motive and changes in firm characteristics which affect the demand for cash by firms. If firms are holding cash because of the precautionary motive and their risk has increased, we would expect the volatility of cash holdings to have increased as well. To investigate this possibility, we proceed as follows. For each firm in year t, we compute the standard deviation of cash holdings for the prior five years. We require at least three observations for a firm to be included. We then compute an equallyweighted average of the standard deviation across firms in an industry to obtain that industry's standard deviation of cash. We would expect (1) that the industry standard deviation of cash holdings increases over the sample period and (2) that there is a high correlation between the standard deviation of cash holdings and cash flow risk. We find that the mean and the median of the standard deviation of cash holdings increase over time. The average of the median is 15.32% in the 1990s, 25.29% in the 1990s, and 35.00% in 2000. We also find that the correlation between the median standard deviation of cash holdings and the median cash flow volatility is 88%.
Lastly, we conduct one more investigation (but do not report the results in a table) that is helpful to understand the extent to which agency theory can explain the increase in cash holdings. In a given year, we would expect firms with high excess cash (i.e., firms with a high residual in the cross-sectional regression) to be more likely to have high agency problems. For agency theory to explain the growth in cash holdings, these firms should experience higher growth in cash holdings relative to firms with low excess cash. We investigate this possibility as follows. Every five years, we rank firms according to their excess cash using the residuals from the cross-sectional regression estimated using parameters from the modified OPSW discussed earlier. We then estimate the growth in cash holdings over the next five years for the average and median firm in each excess cash quintile. We find that for each quintile, there is a negative relation between excess cash and the growth rate of the cash ratio. This result is inconsistent with an agency explanation for the increase in cash holdings over time.
VI. Conclusion
We document a dramatic increase in the average cash ratio for U.S. firms between 1980 and 2004.
We show that this increase is concentrated among firms that do not pay a regular dividend. The main reasons for the increase in the cash ratio is that cash flow risk for firms has increased, inventories have fallen, capital expenditures have fallen, and R&D expenditures have increased. The increase in cash flow risk is connected to the widely studied increase in idiosyncratic risk. Recent evidence of a decrease in idiosyncratic risk might lead the firms in our sample to eventually reduce their cash holdings. 6 The decrease in inventories, however, is probably here to stay. Further, the greater importance of R&D relative to capital expenditures also has a permanent effect on the cash ratio. The cash ratio is increasing in R&D. Given lower asset tangibility, R&D investment opportunities are costly to finance using external capital so that such firms require a greater cash buffer against future shocks to internally generated cash flow.
Our evidence shows that the increase in cash ratios, while dramatic, can be explained by the change in firm characteristics over our sample period. The data are consistent with existing evidence showing that the precautionary motive to hold cash is a critical determinant of the demand for cash. Though the market for derivatives has grown dramatically, our evidence suggests that firms face many risks that they cannot hedge or are reluctant to use derivatives to hedge risks. There is, of course, substantial cross-sectional variation in cash holdings that is not explained by our model. Consequently, our results are not inconsistent with the hypothesis that some firms hold too much cash because of agency problems.
Modeled residuals (often referred to as "excess cash"), however, are negatively correlated with the future growth rate in the cash ratio suggesting that agency problems cannot provide a systematic explanation for the growth in cash holdings over the sample period.
We also document a dramatic decrease in net debt for U.S. firms over the sample period. If cash is simply negative debt, leverage ought to be measured using net debt. In this case, the standard measures of leverage used in the finance literature miss a stunning evolution in the leverage of U.S. firms. By 2004, using net debt, the average firm had no leverage. Assuredly, cash enables firms to forestall distress and default. It follows that the growing importance of cash should be taken into account when evaluating the financial condition of firms and when assessing the capital structure decisions of firms. ) . Industry sigma is the mean of standard deviations of cash flow/assets over 10 years for firms in the same industry as defined by two-digit SIC code. Market to book is measured as: (book value of total assets -book value of equity + market value of equity)/book value of total assets. Real size is the natural log of the book value of total assets in 2004 dollars. Cash flow is defined as (EBITDA -interest -taxes -common dividends). NWC is defined as net working capital minus cash and marketable securities. Capex is the ratio of capital expenditures to the book value of total assets. Leverage is defined as the ratio of total debt to the book value of total assets. Dividend is a dummy variable set to one if the firm paid a regular dividend in the year, and 0 if it did not. Acquisition activity is measured as the ratio of expenditures on acquisitions (Compustat data item #129) relative to the book value of total assets. Net debt issuance is computed as the annual total debt issuance minus debt retirement in the fiscal year, divided by the book value of total assets. Net equity issuance is calculated as equity sales minus equity purchases, divided by the book value of total assets. Loss is a dummy variable equal to 1 if net income is less than zero, and 0 otherwise. IPO1 through IPO5 are dummy variables equal to 1 if the firm went public 1, 2, 3, 4, or 5 years ago respectively. Models 2, 3, and 4 include separate intercepts for firm year observations from 1990s to the end of the sample period, and for 2000 through 2004. When included, industry dummy variables are formed using two-digit SIC codes of sample firms. T-statistics based on standard errors robust to clustering by firm and year are reported in parentheses. The table summarizes differences between actual and predicted cash ratios, by year, for the whole sample (n = 58,414 firm-year observations), for firms in the S&P 500 index (n=4,496), and for firms paying and not paying a regular dividend (n= 14,611 and 43,803 respectively) during a particular year. T-statistics summarize the statistical significance of differences between predicted and actual cash ratios for the whole sample and each of the observed subsamples independently. Industry sigma is the mean of standard deviations of cash flow/assets over 10 years for firms in the same industry as defined by two-digit SIC code. Market to book is measured as: (book value of total assets -book value of equity + market value of equity)/book value of total assets. Real size is the natural log of the book value of total assets in 2004 dollars. Cash flow is defined as (EBITDA -interest -taxes -common dividends). NWC is defined as net working capital minus cash and marketable securities. Capex is the ratio of capital expenditures to the book value of total assets. Leverage is defined as the ratio of total debt to the book value of total assets. Dividend is a dummy variable set to one if the firm paid a regular dividend in the year, and 0 if it did not. Acquisition activity is measured as the ratio of expenditures on acquisitions relative to the book value of total assets. Net debt issuance is computed as the annual total debt issuance minus debt retirement in the fiscal year, divided by the book value of total assets. Net equity issuance is calculated as equity sales minus equity purchases, divided by the book value of total assets. 
